Abstract. Several trials show a relationship between skin toxicity, response rate, and overall survival in cetuximabtreated patients. We analyzed our database to evaluate the importance of skin rash as a surrogate marker of favorable outcome in cancer patients referred to our institution in the last three years. We retrospectively analyzed 90 cetuximabtreated patients: 57 colon cancer patients, 10 NSCLC patients, 14 locally advanced esophageal cancer patients, and 9 miscellaneous. A significant correlation was observed between skin rash and response to therapy. Skin rash was experienced by 93% of PR and 100% of CR patients. The mean TTP was 184 days in patients showing skin rash and 94 days in patients without skin rash, respectively. On multivariate analysis, skin rash was demonstrated to be the only independent prognostic variable with regard to TTP. Patients who did not develop skin rash had a 2-fold greater likelihood to manifest tumor progression significantly earlier than patients who developed skin rash. In our series, a statistically significant correlation between rash, response rate, and TTP was demonstrated in 90 cetuximab-treated patients. Skin toxicity was confirmed as the only clinical variable able to predict the response to cetuximab.
Introduction
The epidermal growth factor receptor (EGFR) is a transmembrane glycoprotein that consists of an extracellular domain, a hydrophobic transmembrane domain, and an intracellular region containing the tyrosine kinase (TK) domain. EGFR can be activated by numerous ligands, such as epidermal growth factor (EGF), transforming growth factor · (TGF-·), amphiregulin, epiregulin, neuregulin and betacellulin, while its activity can be inhibited by blocking the extracellular domain (using the monoclonal antibodies, mAb) or the intracellular domain (using small molecules). EGFR is overexpressed in several solid human tumor types, such as head and neck, breast, colorectal, ovarian, lung, bladder, glioblastoma, esophageal, and pancreatic cancer (1) .
Cetuximab (Erbitux, C225; ImClone System Inc., New York, NY; BMS, Merck Serono), a chimeric monoclonal IgG1, blocks the extracellular domain of EGFR, competitively inhibiting the physiologically binding of its ligands. Its affinity for EGFR is twice as much as that of EGF and TGF-· (2). Cetuximab promotes receptor internalization and its subsequent degradation. This receptor down-regulation results in both reduction of EGFR availability on cell surface and cell cycle inhibition. Furthermore, it has an indirect antitumor activity due to an antibody-dependent cell mediated cytotoxicity (ADCC) exerted by monocytes and natural killer cells (3) .
Cetuximab, in combination with irinotecan or as a singleagent, has been licensed by both the Food and Drug Administration and the European Medicines Agency for the treatment of advanced, EGFR-positive colorectal cancer patients following failure of 5-fluorouracil-, oxaliplatin-and irinotecanbased chemotherapy. It has also been approved in association with radiotherapy in locally advanced or unresectable head and neck squamous cell carcinoma (HNSCC) and alone in locally advanced or metastatic pretreated HNSCC patients.
The major adverse effect of cetuximab, well described in clinical trials, is the development of skin toxicity, manifested by rash and xerosis, mainly occurring on the face, neck and upper torso. Sometimes patients develop xerophthalmia, paronychial cracking and epidermolysis.
The mechanism of this side effect is not clear even if several studies underline the role of homodimer EGFR inhibition on skin cell surface by the chimeric antibody (4).
Several cetuximab-based clinical studies show a relationship between skin toxicity, response rate, and overall survival. 
Patients and methods
We retrospectively analyzed 90 cetuximab-treated patients (pts): 57 colon cancer pts, 10 non-small cell lung cancer (NSCLC) pts, 14 locally advanced esophageal cancer pts, and 9 miscellaneous pts (i.e., head and neck squamous cell carcinoma and gastric cancer). Most of them were enrolled in clinical trials, namely, NSCLC pts were part of the CALC-1 trial (5), esophageal pts were part of the B152 study (6) , and, among the 57 colon cancer pts, 17 were part of the EPIC (7) Table I) .
Rash definition. Cetuximab-induced skin rash was classified according to NCI-CTC version 2.0, using the following criteria: grade 1: macular or papular eruption or erythema without associated symptoms; grade 2: macular or papular eruption or erythema with pruritus or other associated symptoms covering <50% of body surface or localized desquamation or other lesions covering <50% of body surface area; grade 3: symptomatic generalized erythroderma or macular, papular or vesicular eruption or desquamation covering ≥50% of body surface area; grade 4: generalized exfoliative dermatitis or ulcerative dermatitis.
Statistical analysis. Statistical analysis was carried out using the SPSS statistical package (SPSS Inc., Chicago, IL). In all analyses, the significance level was specified as p<0.05. Single and multiple linear regression estimated the relationship between rash grade (skin toxicity) and the other variables. By estimating the coefficients of the linear equation involving one or more independent variables, this analysis was also used to analyze the significance of each variable to predict the best response. Table I . Patient charateristics. Table II . Multiple regression related to response rate in 90 cancer patients treated with cetuximab. 
The time to tumor progression (TTP) was calculated from the start of cetuximab-based chemotherapy to the evidence of tumor progression, in order to assess the best response rate. Since 14 esophageal cancer patients received radiochemotherapy as neoadjuvant treatment, univariate and multivariate analyses related to TTP were limited to the remaining 76 patients receiving chemotherapy with intention to treat.
Rates of TTP were estimated by the Kaplan-Meier method and compared by the log-rank test; p-values and hazard ratios (HR) with 95% confidence interval (CI) are provided. The independent significance of prognostic variables was determined by multivariate analysis, using Cox's proportional hazards model.
Results
A total of 90 patients, 64 males and 26 females with a median age of 63.2 years, was analyzed. Most of them had stage IV colorectal cancer (57), 10 had stage IV NSCLC, 14 had locally advanced esophageal cancer, and 9 were mixed (HNSCC and gastric cancer). Among the 90 pts, the 14 esophageal cancer pts did not have metastatic cancer whereas the other 76 pts had a systemic disease, mainly localized to the liver and lung. In the colorectal cancer population, cetuximab was administered as first-line treatment, in combination with FOLFIRI; as second-line, in combination with irinotecan, after first-line oxaliplatin-, fluoropyrimidine basedchemotherapy failure; as third-line, in combination with irinotecan, after irinotecan-based therapy failure. In stage IV NSCLC pts, cetuximab was administered as first-line in combination with gemcitabine. Finally, it was administered as preoperative therapy in combination with FOLFOX-4 and radiotherapy in esophageal cancer pts.
The overall response rate, i.e., complete response (CR) plus partial response (PR), was 26.5%, while the disease control rate, i.e., CR plus PR plus stable disease (SD), was 80.9%; progression was observed in 17 pts. It is worth noting that most of the complete responses occurred in esophageal cancer pts (7/8), whereas only one CR was achieved in the colorectal cancer population. Linear regression between occurrence of skin rash and its toxicity grade and response to therapy. Better reponses were significantly correlated with highest grades of skin toxicity. G1-G4, different grades of skin toxicity; PD, progression disease; SD, stable disease; PR, partial response; CR, complete response. Table III . Univariate analysis related to TTP in 76 cancer patients treated with cetuximab.
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Sixty-eight patients (75.5%) experienced skin rash with different grades of toxicity. However, none of the patients showed grade 4 skin toxicity requiring cetuximab discontinuation. The appearance of skin rash was shown to have no relation with age, gender, site of primary cancer, number of metastatic organs and line of therapy (as analyzed by linear regression). Conversely, a significant correlation was observed between occurrence of skin rash and response to therapy. Of the 17 pts who did not have a skin rash, 12 showed disease progression; on the other hand, a skin rash was experienced by 93% of PR pts and 100% of CR pts (Fig. 1) . Interestingly, multiple regression identified no other variable capable to predict the response to therapy with cetuximab (Table II) .
All 76 patients but one undergoing chemotherapy with intention to treat progressed (Fig. 2) . The mean time to tumor progression was 157±17 days (95% CI 123-191 days); median TTP was 92±7 days (95% CI 79-105 days). On univariate analysis, only skin rash was demonstrated to correlate with time to progression (Table III) . Patients who developed skin rash were shown to experience a longer time to progression than patients who did not develop a rash. Specifically, the mean TTP was 184 days in patients showing skin rash and 94 days in patients without skin rash, respectively; that corresponded to a 53% reduction in the risk to have a short time to progression (HR, 0.47; 95% CI, 0.53-1.62). No statistical differences were noted among patients showing different grades of skin toxicity (Table II) . On multivariate analysis, skin rash was demonstrated to be an independent prognostic variable with regard to time to progression. Patients who did not develop skin rash had a 2-fold greater likelihood to manifest tumor progression significantly earlier than patients who developed skin rash (Table IV) .
No other variable was demonstrated to show a correlation with TTP on univariate and multivariate analyses (Tables III  and IV) .
Discussion
EGFR expression is an independent prognostic indicator of disease recurrence and poor survival in colon and gastric cancer patients (12, 13) . Likewise, NSCLC patients overexpressing EGFR have been demonstrated to have a worse outcome (14) . Furthermore, current evidence suggests no association between a high EGFR cell surface expression and cetuximab response in colorectal cancer patients (15) (16) (17) (18) (19) . Particularly in colorectal cancer, recent studies suggest that mutations of K-RAS gene are associated with nonresponsiveness to cetuximab, while amphiregulin and epiregulin overexpression may be markers of response (20) (21) (22) (23) (24) .
While trials are ongoing to validate the role of these biomarkers, the important question of defining the patient population who will benefit from cetuximab therapy still remains unanswered.
Skin rash represents the only clinical marker of response to cetuximab treatment. In five phase II studies, patients who developed an acne-like rash were shown to survive longer than those who did not develop a rash, suggesting that skin toxicity may be a relevant surrogate of cetuximab clinical efficacy (17) (18) (24) (25) (26) . The BOND trial reported higher response rates in patients experiencing skin toxicity compared with pts without skin rash (25.8 vs. 6.3%, respectively, in the combination therapy group, p=0.005) (15) . Lenz et al obtained, in a phase II study of 346 colorectal cancer (CRC) pts treated with cetuximab and refractory to irinotecan, oxaliplatin and fluoropyrimidine, a partial response in 7, 17 and 20% of pts with grade 1, 2 and 3 skin rash, respectively (22) . These two studies and one reported by Salz et al (16) showed a longer survival in patients with severe skin toxicity compared with those without rash.
In contrast, results from the EVEREST study stressed the inability of skin rash to predict the outcome of Table IV . Multivariate analysis related to TTP in 76 cancer patients treated with cetuximab. ------------------------------------------------------------------------------------------------ ----- cetuximab-treated patients and demonstrated no association between K-RAS and skin toxicity (9) . Also, Lièvre et al recorded in the multivariate analysis of the study a strong correlation between K-RAS mutation and progression, free survival, and overall survival, whereas skin rash was only associated with OS. This study also demonstrated no correlation between K-RAS status and skin rash (23) .
In our retrospective analysis, a statistically significant correlation between rash, response rate, and time to progression was demonstrated in a series of 90 cetuximabtreated patients, of whom >50% had advanced colorectal cancer, and most of them were enrolled into clinical trials. Skin toxicity was confirmed as the only clinical variable able to predict the response to cetuximab by multiple regression analysis (Table II) .
In our series, a significant correlation between skin rash and time to progression was recorded, with an HR of 0.47, which corresponds to a 53% reduction in treatment failure. Moreover, this benefit was independent of rash grade, whereas in other trials the advantage in terms of RR, OS and PFS was appreciable only in grade 2 or 3 rash. Therefore, while awaiting further studies conclusively addressing the prognostic role of K-RAS in cetuximab-treated patients, skin rash occurrence may be used as a clinical surrogate of response to cetuximab. An added value of this clinical parameter is that its evaluation is inexpensive; furthermore, when skin rash occurs, it appears early in the course of a cetuximab-based therapy thus allowing rapid response evaluation in the individual patient. Clearly, skin rash occurrence may permit possible identification of responders only once biologic therapy has been instituted. Thus, the need for indicators capable of identifying responders before starting biologic therapy remains and warrants further investigations.
